Paraplegia caused by spinal haemorrhage is a very rare but disastrous complication of spinal or epidural insertion. The risk in uncomplicated surgical and obstetric patients is outlined. Bleeding disorders in pregnant patients may prevent the use of major regional anaesthesia. Factors which influence the choice of anaesthetic technique for patients with pregnancy-induced hypertension, von Willebrand's disease, and anticoagulation therapy. are discussed.
exaggeration of the actual bleeding risk unnecessarily denies some patients the benefits of these techniques.
This article examines the overall risk of spinal haematoma after epidural or spinal anaesthesia, the spectrum of haemostatic coagulation defects in pregnancy, and relates that risk to some common obstetric bleeding problems.
REGIONAL ANAESTHESIA AND SPINAL HAEMATOMA Causes and diagnosis of spinal haemorrhage in pregnancy
Acute spinal cord compression from a haematoma developing in the subarachnoid, subdural or extradural space can rapidly produce irreversible paraplegia. Of the various causes of bleeding into the spinal canal (Table 1) , spontaneous bleeding is the most common and its aetiology remains obscure. 1 In a 1976 review, Locke and colleagues 2 noted less than one hundred cases of spinal haematoma since the original description of 'spinal apoplexy' by Jackson in 1869. The first obstetric case of spontaneous spinal haematoma was reported by Bidzinsky in 1966. 3 A 26-year-old woman in the second trimester of a normal pregnancy developed sudden pack pain and paraplegia. Recovery was complete following laminectomy, and there was no blood dyscrasia. A second case was reported by Crawford in 1975. 4 This patient had an uneventful pregnancy and labour without any form of regional anaesthetic. She presented three days post partum with severe back and leg pain and weakness, but made a complete and uneventful recovery following surgical decompression of a TII-12, 2-3 cm diameter extradural haematoma. In an obstetric case reported by Roscoe and colleagues in 1984 where epidural had been used, the bleeding was from an intraspinal neoplasm. 5 The diagnosis of compressive myeloradiculopathy secondary to bleeding into the spinal canal can be made with a eT scan or myelogram. The numerous other causes of neurological sequelae following epidural or spinal anaesthesia (including the possibility of coincidental paralysis) are described in detail in an excellent review by Kane. 6 Clinically, suspicion will have been aroused by the sudden onset of severe unremitting back pain (often quite localised but sometimes absent) associated with paraparesis, especially if there is also a bleeding disorder or trauma. Substantial or complete neurologic recovery can be achieved if decompression laminectomy is undertaken rapidly. Surgical delay beyond twelve hours is likely to result in permanent paraplegia, although recovery after delayed surgery has been reported. 3 
,7

Spinal haematoma cases in anaesthesia
Spinal anaesthesia was used uneventfully for caesarian section in a recent report 8 where 'abnormal clotting ruled out epidural'. Although in this case a prolonged bleeding time was unlikely, it raises the question of what actually is the risk of an anaesthetist causing a symptomatic spinal haematoma? Accumulated in the literature over the last forty years are a handful of haematoma case reports that are impressive for the diversity of their bleeding problems and poor outcome. The wide variety of techniques and needles used for conduction anaesthesia in surgical patients and for diagnostic and therapeutic lumbar puncture in medical patients makes comparison with modern methods difficult.
In a review of the English literature I found seventeen cases of spinal haematoma developing after successful or attempted epidural placement 5 ,7,9-22 (Table 2 ). (Two cases of intra- 1988 Yes * These two cases were described in Dawkins' personal series of 4000 epidurals shown in Table 3 .
cranial haemorrhage have also been reported).23 However in all but three of these cases some form of bleeding diathesis was present. Despite the fact that epidural placement appears inherently more traumatic than spinal insertion (with a high incidence of epidural vein damage [3-9%]24) the number of case reports of haematomas is similar. In a comprehensive review of cases following spinal anaesthesia reported in the English literature to 1986, Owens and colleagues 25 found seven cases of spinal haematoma (one of which was a failed epidural, included in Table 2 ), and a further case has been reported. 26 In five of these eight cases a bleeding disorder was also implicated.
Case series of spinal/epidural anaesthesia without complication
These few case reports of symptomatic spinal haematoma after epiduraVspinal anaesthesia in patients with normal haemostasis must be compared with the total absence of this complication in over 100 000 patients in the fifteen case series summarised in Table 3 ,12,27-40 (excluding the two anticoagulated patients who developed epidural haematomas reported by Dawkins also listed in Table 2 ).
Unfortunately the extent to which mild abnormalities of coagulation or platelet function were present in these populations is unknown. It is likely that known bleeding diathesis was considered an absolute contraindication to the anaesthetic technique in those series. However it is unlikely that all of these patients had perfectly normal coagulation profiles or that none had ingested aspirin prior to the regional block. For example Rolbin and colleagues 41 duscussing 'periparturient' thrombocytopenia state that in excess of 80 000 epidurals have been performed at Mt. Sinai Hospital, Toronto over a thirty-year period since 1956 with no case of epidural haematoma. They postulate that this number could have included up to 5000 otherwise normal obstetric patients with the isolated abnormality of platelet count less than 150 x 10 9 .1-1 .
All this suggests that in the absence of bleeding disorders, epidural' or spinal insertion virtually never causes symptomatic spinal haematoma. So rare indeed is this complication that the possibility of coincidental haematoma must be considered when evaluating all these case reports. Both Stanley42 and Wildsmith 43 have pointed out that needle insertion and subsequent spinal haematoma need not be cause and effect.
Heparin following diagnostic lumbar puncture
All these series and case reports taken together indicate that epidural and spinal needles virtually never cause symptomatic spinal haematomas in patients with normal haemostasis. However the same cannot be said where a bleeding diathesis exists, and the rarity of this complication is undoubtedly due to the avoidance of regional anaesthetic techniques in such patients. In patients subsequently heparinised after lumbar puncture or spinal/epidural, the incidence of spinal haematoma varies enormously with the clinical circumstances. Ruff and Dougherty44 reported an interesting retrospective series of 684 patients all of whom received diagnostic lumbar puncture. One group (N = 342) with a diagnosis of acute cerebral ischaemia were heparinised following this lumbar puncture and were compared with an equal number of patients not anticoagulated who also had neurological diseases. An extraordinarily high rate of severe complications was seen in the anticoagulated group in which 20-gauge lumbar puncture needles were used. Spinal haematoma and paraparesis were produced in five patients, all in the anticoagulated group and a further two haematomas were found in this group in patients dying of unrelated causes, an overall incidence of 2%. A similar experience is described by Brem and colleagues. 45 Difficult or bloody tap appeared so frequently in these reports and in Owens' review of the subject,25 that in themselves these appear to constitute a risk factor for subsequent haematoma formation, at least in anticoagulated patients.
Heparin following spinal/epidural insertion
The experience in surgical patients is quite the opposite to that just described. In seven thousand patients who received epidural or spinal anaesthetics for vascular procedures for which they were heparinised after needle insertion, no spinal haematoma occurred (Table 4 ).42.46-53 In addition, in the series reported by Odoom and Sih,50 the epidural placement was performed in the presence of oral anticoagulants, although prothrombin time (PT) was probably not prolonged into the therapeutic range. 51 This absence of spinal haematoma complications is due in part to the relatively small numbers in relation to an extremely uncommon event, to the experience of the operators, and to deliberate exclusion of patients if a bloody tap was encountered. Also there was careful screening to exclude platelet dysfunction or heparin before needle insertion, careful monitoring of the degree of heparinisation and epidural catheter removal when heparin levels were low. The duration of heparinisation was confined to the operative period except in the largest study . Under these circumstances, heparinisation after needle placement appears to be a safe technique, principally because normal platelet function and haemostasis. are ensured at the time of the epidural or spinal needle insertion.
Low-Dose Heparin
Spinal haematoma after epidural or spinal insertion or epidural catheter removal has not been reported in association with low-dose subcutaneous heparin prophylaxis. The risk of this complication is unknown, but some reassurance can be gained from the number of patients described as without complication 54 ,55 and the fact that the practice appears to be quite widespread, if unreported. 56 ,57 Among other factors the timing of the heparin dose in relation to epidural/spinal needle puncture and catheter removal is important because some patients will transiently develop therapeutic heparin blood levels in the first two hours post-injection. 58 On theoretical grounds the new low molecular weight heparin varieties may well be safer,59 but in the absence of adequate trials the risklbenefit must be judged for each drug and patient individually. My opinion (shared by Lambert 60 ) , is that low-dose heparin in not an absolute contraindication to epidural or spinal insertion.
Aspirin
The risk of producing a spinal haematoma in patients receiving anti-platelet drug therapy following epidural/spinal is unknown, judging by the total case report and case series evidence presented above. Despite its well-known influence on platelet function,61 there is no evidence that lowdose aspirin increases the risk of spinal haemorrhage following these procedures. This argument would also seem to apply to the other nonsteroidal anti-inflammatory drugs which can prolong bleeding time. Of relevance is a prospective trial reported by Taivainen and co-workers 62 in which 27 orthopaedic patients received intravenous indomethacin infusion prior to spinal anaesthesia. Therapeutic indomethacin blood levels and very slightly prolonged bleeding times were achieved preoperatively, but although wound bleeding was increased compared with the controls, no anaesthetic complication was reported. Interestingly, excessive aspirin ingestion has caused 'spontaneous' epidural haematoma. 2 It is also not surprising that epidural haematoma risk is increased by prior aspirin therapy in patients heparinised after diagnostic lumbar puncture. 44 Such patients were rigorously excluded by the authors of the surgical series shown in Table 4 .
THE SPECTRUM OF BLEEDING DISORDERS IN PREGNANCY
Excellent authoritative reviews of this topic by Letsky,63,64 Kelton and Cruickshank 65 and Bonnar 66 describe the range of haemostasis and coagulation problems of pregnancy listed in Table  5 . Although expert haematological advice and management is frequently required, a number of these conditions occur sufficiently frequently or with such rapid onset in obstetric anaesthetic practice that a basic knowledge of immediate management is essential. Pregnancy-induced hypertension (gestational proteinuria and hypertension), von Willebrand's disease, and anticoagulant therapy in particular have implications for regional anaesthetic techniques. Lupus anticoagulant does not normally cause a maternal bleeding problem. 1) Pregnancy-Induced Hypertension (PIH) PIR, which affects 15% of primagravid pregnancies and is therefore common in obstetric anaesthetic practice, is the subject of a recent comprehensive review by Brown. 67 It is a condition with a wide spectrum of severity. Mild or early cases often have normal coagulation profiles, but with increasing severity ofPIR, thrombocytopenia, haemolysis and DIC develop. Although increased bleeding risk (as measured by increased bleeding time) is usually preceded by laboratory evidence of intravascular coagulation and a fall in platelet numbers, platelet count is not a reliable measure of bleeding tendency. In the relatively large subgroup of patients with mild PIH, the practical problems of obtaining coagulation profiles including bleeding times have led some clinicians to rely on platelet number plus some index of intravascular coagulation (such as fibrinogen/fibrin degradation products (FD Ps) or fibrin fragment D-dimer levels) as measures of bleeding risk upon which to base their decision to proceed with epidural insertion. Data to support this practice is not available.
The evidence that in PIH widespread endothelial damage occurs either preceding or as a result of intravascular coagulation is supported by findings of increased plasma levels of fibronectin and Factor VIII related antigen released by endothelial cells following platelet aggregation. 67 Activation of the coagulation system is reflected by consumption of antithrombin Ill. Platelet aggregation is promoted by decreased placental production of prostacyclin (Pgl2), a platelet aggregation inhibitor, as well as increased placental thromboxane B2 production, a stimulator of aggregation. An additional mechanism of thrombocytopenia in some patients with PIH is platelet-bound IgG antibody. 68 Platelet consumption is an early feature of PIH,69,70,71 the fall in platelet count parallelling the renal changes that cause impaired urate excretion. Furthermore, platelet lifespan is reduced in PIH7 and function is impaired. 73 ,74 In a prospective study, Kelton and colleagues 74 describe 24 patients with PIH in whom platelet thromboxane B2 was measured. Half the patients (11 of 24) had normal platelet counts, platelet thromboxane levels, and coagulation screens including PT, APTT, clotting time, and bleeding time. While the remaining fifteen patients all had low platelet thromboxane, only seven of these had a prolonged bleeding time. Surprisingly four of these seven patients had normal platelet numbers, which suggests that a normal platelet count in PIH is no guarantee of normal bleeding time.
Similarly mild thrombocytopenia does not reliably elevate bleeding time and a single low count is not a useful screening test either for PIH of for prolonged bleeding. Low platelet counts (100-150 x 10 9 .1-1 ) are seen in up to 9% of the late pregnancies with no other abnormality, 41,65,68, 75 but known causes must be excluded before the 'periparturient thrombocytopenia' label is appropriate. Alone, thrombocytopenia down to 100 x 10 9 .1-1 is not a contraindication to epidural! spinal in the absence of underlying PIH, immune thrombocytopenic purpura (lTP) collagen disorders or other bleeding diatheses. 41,76 This is an arbitrary cut-off point since the actual safe lower limit for platelet count prior to epidural insertion is unknown. Uncomplicated epidural analgesia in labour was accomplished in a parturient with Anaesthesia and Intensive Care. Vo!. 18, No. 3. August. 1990 virtually absent platelets due to (undiagnosed) ITP,15 and no doubt many similar cases have been completely undetected.
A recent advance in the laboratory detection of subclinical intravascular coagulation in PIH is the highly .accurate D-dimers assay utilising monoclonal anti-D-dimer antibody. 77,78 Since D-dimers are a plasmin degradation product of stable (cross-linked) fibrin and not fibrinogen, the test is considered to be specific for in vivo clot dissolution. Early data suggesting elevated D-dimers in PIH79 has been confirmed by Trofatter and colleagues 80 who found a correlation with disease severity. Thrombocytopenia without elevated D-dimers occurred rarely in their results (0.8%), but the relationship between D-dimers, platelet count and bleeding time was not examined.
Despite this lack of data it is my practice to screen mild PIH patients for bleeding tendency prior to epidural, with platelet count and D-dimers only. If either of these is abnormal (or if aspirin is involved) then bleeding time is performed. A full coagulation screen must always be available for moderate and severe cases. Hopefully, current trials of low-dose aspirin 67 will show maternal haemostasis is minimally affected. None of these investigations is necessary in the normal parturient coincidentally ingesting aspirin.
2) Von Willebrand's Disease
This is the most common· inherited coagulation disorder in pregnancy and has the manifestations of a platelet defect (spontaheous skin and mucous membrane bleeding) with a variable secondary defect of Factor VIII activity. Eighty percent of cases are Type I which is usually a mild condition affecting coagulation and platelet function equally. Expert diagnosis of the exact subtype is necessary since this influences treatment. It is quite possible to achieve normal levels of Factor VIII coagulant activity and a normal bleeding time using cryoprecipitate or fresh frozen plasma, or in less severe cases with DDA VP (desmopressin).63.81,82 DDA VP is contraindicated in Type lIB.
Fortunately pregnancy itself causes a rise in Factor VIII levels to within the normal range in the majority of pregnant patients with von Willebrand's, and DDA VP has little use. In the author's opinion the mild Type I cases where bleeding time is normal without any treatment are compatible with the institution of conduction anaesthesia. With more severe forms, the infective risk from plasma rather than the spinal haemorrhagic risk begins to outweigh the advantages of epidural or spinal anaesthesia. Even where aggressive prophylactic therapy is necessary to prevent haemorrhage at delivery, time and obstetric constraints may prevent a normal or stable coagulation screen being obtained. Thus epidural or spinal may be contraindicated in the less common but more serious forms of von Willebrand's disease.
3) Anticoagulation Therapy
Warfarin is now seldom used in pregnancy because of its teratogenicity and placental/fetal bleeding risk. 63 Patients with mitral disease and/or atrial fibrillation or prosthetic heart valves are at high risk for arterial thromboembolism. Many can be successfully managed with high-dose selfadministered subcutaneous heparin throughout pregnancy. The efficacy of this regime is controversial. 63, 83 Also long-term heparin complications such as injection problems, dose control, osteoporosis and thrombocytopenia mean that warfarin is still useful. In this subgroup of high thromboembolic risk patients, any planned withdrawal of anticoagulation to minimise haemorrhage at delivery will be very brief. However, by simply omitting one or two heparin doses at the time of delivery it is often quite easy to "obtain a coagulation profile compatible with epidural insertion. 84 Certainly the decision to withhold epidural analgesia in labour because of heparin must be weighed against the (quite variable) amount of maternal and fetal morbidity which epidural analgesia can prevent. 85 3. CONCLUSION Spinal haemorrhage causing paraplegia is extremely rare. It is even more rare following epidural or spinal anaesthesia except if there is a bleeding tendency. Short-term heparinisation is safe following epiduraVspinal block insertion provided certain precautions are observed. Appropriate precautions have not been established for block insertion in the presence of low-dose heparin, but it is likely that under defined circumstances this is also a safe procedure. Low molecular weight heparin requires evaluation. Uncomplicated block insertion can be achieved in the presence of subtherapeutic warfarin levels. Isolated thrombocytopenia (down to 100 x 10 9 .1-1 ) is safe for block insertion. In appropriate clinical settings, patients with these sorts of mild deviation from normal coagUlation values need not be denied the benefits of major regional anaesthesia.
